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A CENTRIFUGAL ENGINE CHARGER DRIVEN BY COMBINED GEARING 
SYSTEM FOR MULTI SPEED OPERATION AND A METHOD OF POWER 
TRANSMISSION 

Technical Field 

The present invention relates to a Centrifugal Engine Charger for Internal Combustion 
Engines (IC Engines) driven by a plurality of gear drives comprising eccentric and 
planetary drives to provide variable speed drive to an engine. The present invention also 
provides a method of power transmission to the engine charger 
Background and prior art 

An Internal Combustion (IC) Engine may be driven either in the suction mode or 
supercharging/turbo charging mode. In order to increase the performance of an IC Engine 
• which is Naturally Aspirated (NA) it is common to supercharge or turbocharger. The 
currently used enguie chargers are effective either at the Low enghie speeds expressed in 
revolutions per minute (rpm) or at the Higher Engine speeds, but not on the entire 
spectrum of the Engine Operating Speed. The existing systems have a fixed ratio by 
virtue of v^ch the output rpm of the engine charger is directly proportional to the Engine 
RPM from where the drive is obtained. 

For instance, when a Supercharger is tuned for Low RPM of Engine, the transmission 
ratio of the drive from the Engine RPM to Oxitput RPM of the supercharger has to be so 
set that the Compressor is effective in generating the required Pressure Ratio / Boost at 
flie low rpm of engme, which means a higher transmission ratio of the order of above 
20:1 and more. For instance, wifli a ratio of 35;1, at lower ranges of engine speed of 1000 
rpm, the output of the gearbox spins @ 35000 rpm, and as the en^e speed increases to 
SOOO rpm the output shaft spins @17S000 rpm. 

As a result of such a high rpm the following series of problems are encountered viz., 
reduction in life of bearings, vibrations of supercharger unit. Exponential rise in Cost 
factor, undesired Higher Pressure ratios, rise in supercharger/engine temperatures leading 
to increased NOx emission problems. 

In order to overcome these problems, at higher engine rpm, either a bypass valve is used 
to cut off the air induction into the engine or the supercharger is disabled with help of the 
clutch, which leaves the engine as just a Naturally Aspirated. In other words, the purpose 



1 



wo 2004/094796 



PCT/IN2004/000111 



of supercharging is defeated since it cannot be used on the entire operating cycle of 
engine. 

On the other hand, if a Supercharger is Tuned to a Higher RPM of Engine, in such a 
case, the transmission ratio of the drive from the Engine rpm to output rpm of the 
supercharger has to be so set that the Compressor is effective in generating the required 
Pressure Ratio / Boost at the higher rpm of engine, resulting in a relatively lower 
transmission ratio of the order, of for example 15:1. With this ratio at higher ranges of 
engine speed of such as 4000 rpm to 5000 rpm, the output of the gearbox spins @ 60000 
to 75000 rpm which is for certain applications, an effective range for getting the required 
boost, but nevertheless while as the engine speed decreases ( as in most of city drive 
conditions-Stop & Go) to levels of 1000 to 1500 the output shaft spins @15000 to 22500 
rpm. Such a low en^e speed with such a gear ratio is inadequate for the compressor to 
be effectively efficient w*ile on Ae contrary results in generating higher levels of smoke 
emission at acceleration and also results in lower torque, further resulting in discomfort in 
driving. 

The demand for use of a smaller engine to deliver a given power and torque in turn 
demands a solution through an engine chargar which must be by itself more compact, 
ultra light and efficient. Hence, a siqperchargar with multi-speed gear arrangement, 
obtained with two planetary gear sets, is used to provide a high and low gear ratio, while 
to supercharge a smaller engine in the range of 800 to 1200 cc, a smaller compressor has 
to be used and to provide tiie necessary boost by such smaller compressor, at such low 
engine speeds, a very high gear ratio of the gearing system is required. Tlie application of 
planetary gear system to support such higher gear ratio in tiie range of 40:1 without a 
compromise on the size of the gearing is fairly limited. 

DEI 99 185 33 teaches a circular sliding gear acting as parallel shaft reduction gear. 
Object of the present invention 

The main object of the present invention is to provide a centrifugal engine charger for IC 
engines with plurality of multi-speed gear system. 

An object of the present invention is to provide a centrifugal engine charger witii gear 
combination of eccentric and planetary gears. 
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Another object of the invention is to provide a centrifugal engine charger that can adapt 
to both lovi^ and high input rpm of an IC engine. 

Yet another object of the present invention is to provide a compact centrifugal engine 

charger that can deliver the desired power and torque for small engines. 

Still another object of the present invention is to provide a method for optimum power 

transmission in automobiles by using such a centrifugal engine charger. 

Summary of the invention 

The present invention provides a Centrifugal Engine Charger for Internal Combustion 
Engines (IC Engines) driven by a plurality of gear drives comprising eccentric and 
. planetary drives. The eccentric drive has a set of ring gear (internal gear) and a sun 
gear(extemal gear).The Sun gear is mounted on three eccentric shafts rotatmg freely 
about their own axis wherein the central shaft is used to deliver the rotational output 
RPM to the rotor of the engine charger, the sun gear by itself does not rotate but keeps 
shifting continuously along the circumference of the ring gear which gets the rotary input 
from the engine. The planetary drive has a ring gear, a set of planetary gears and sun gear 
motmted on a fixed carrier. The planetary drive has a rotary input from the engine and the 
output is connected to the rotor of the engine charger. 

Both Eccentric drive and planetary drive have an output to supply torque to the rotor of 
the engine charger. In such a combination of eccentric and planetary drive, the eccentric 
drive usually has a High gear ratio and the planetary has a low gear ratio. The 
embodiment also includes the shiflmg mechanism flirough an electronically controlled 
clutching system that can be used to shift between higher & lower gear ratios. It also 
includes clutchmg /declutching system to drive /connect the output from eithw drive to 
the rotor shaft of engine charger. 

In the eccentric drive, it gets the torque input to its ring gear which supplies torque to sun 
gear which in turn drives the rotor shaft of the engine charger. In the planetary drive, the 
torque input is given to the ring gear, which in turn supplies torque to the set of planetary 
gears which in tum supply torque to the stm gear which drives the rotor shaft of the 
engine charger. 

The present invention also provides a method for boosting adequately the pressure of 
inlet airCcharge'l supplied to an IC Engine by an engine charger said method comprising 
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supplying of the drive or transmission for the engine charger which is a combination- 
drive, a combination of drive with high gear ratio and drive with a low gear ratio, wherein 
the engine charger is driven by high gear ratio drive (eccentric drive) at lower engine 
speeds or RPM levels or below a pre-determined level of engine RPM, while engine 
charger is driven by low gear ratio drive(planetary drive) at higher engine speeds/RPM 
levels or above a pre-determined level of engine RPM, thereby providing a multi-level, 
variable torque to the rotor of engine charger. 
Brief description of the accompanied diagrams 

Fig 1 is a cross sectional side view of an embodiment of the eccentric drive of the present 
invention showing the gears engaged and other surrounding parts when the engine is 
operating at lower speeds or below a pre-determined level of engine speed. 
Fig 2 is a front view of the embodiment shown in Fig 1 showing the layout of the gears in 
the eccentric drive engaged in the lower speeds of the engine. 

Fig 3 is a cross sectional side view of an embodiment of the planetary drive showing the 
gears engaged and other surroimding parts when the engine is operating at Higher speeds 
or above a pre-determined level of engine speed. 

Fig 4 is a front view of the embodiment shown in Fig 3 showing the layout of the gears 
engaged in the planetary drive used during the higher engine speeds or above a pre- 
determined speed of the engine. 

Fig 5 is a cross sectional view of the embodiment of the combination / multi speed drive 
of the present invention showing the schematic (drawing of the system engaged through 
die clutching in Lower Engine speeds i.e. with higher gear ratio. 

F^ 6 is a cross sectional view of the embodiment of the combination / multi speed drive 

of the present invention showing the schematic drawuig of the system engaged through 

the clutching in Higher Engine Speeds i.e. with lower gear ratio. 

Fig7 is a Flow Chart of steps & levels of actions taking place in the present invention. 

Fig 8 is a graphical representation of the typical shifting activity between the two drives 

in relation to the engine speeds & the corresponding boost delivered to the inlet of the IC 

engine. 
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Detailed description of the invention 

The present invention provides a centrifugal engine charger for IC engines through a 
multi speed drive. The supercharger receives input torque from the engine through a belt 
and pulley/clutch system connected to the crankshaft of the engine. The arrangement of 
the combination of drives of the present invention (of which at least one is eccentric & 
the other may be planetary) enables to design and produce a supercharger of light weight, 
a more silent, adequately compact with better efficiency in providing adequate boost to 
engine by boosting pressure of the air at the inlet which in turn allows generation of more 
specific power at much lower fuel consumption and drastically reduces smoke emission 
at acceleration. The drive arrangement of the present invention allows the superchargers 
to receive the torque input from the engine and step up exponentially to deliver the higher 
rpm to the rotor of the engine charger which allows compressing the air more efficiently. 
The preferred embodiments of the present invention are explained initially by referring to 
Fig 1 and Fig 2. The gears of the eccentric drive are shown schematically and the shape 
of the gear teeth is not shown. Any compatible shape and size of the gear can be adopted 
in the present invention. When the gears are engaged or meshed as mentioned in this 
document, the teeth of one gear is in mesh with the teeth of the mating gear by which 
both torque and rotary motion is being transferred from one gear to the next. 
The ring gear 1 with a teeth profile is meshed with the teeth profile of sun gear 2, which 
is mounted on three pins/shafls 3, 4» & 5 which all rotate eccentric about their axis but 
flie eccentricity of all the three shafts is eqxial and unidirectional in angular position. The 
Sun Gear 2 does not rotate about its axis but continuously shifts along flie drcumference 
of the internal teeth of the Ring Gear 1 as ttie ring gear rotates. Thus the ring gear drives 
the eccentric shaft 3 through sun gear 2 which allows the increase of rotational speed 
supplied to ring gear from the engine in the form of RPM to the pre determined ratio at 
the output end of shaft 3 which is significantly higher than the input RPM and which can 
be used to drive the rotor 24 of the supercharger. 

Referring to the Fig 3 & Fig 4, a preferred embodiment of the present invention is 
shown. The present invention preferably includes a second drive which may be a 
planetary drive of a lower gear ratio as compared to the eccentric drive. The planetary 
drive consists of a ring gear 9, and a set of planetary gears 10 which are mounted on a 
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carrier 12, and a Sun gear 11 within the ring gear 9. The planetary gear set shown in the 
figures, similar to the eccentric drive allows increasing the rotational motion supplied to 
the ring gear in the form of RPM fi-om the engine to a much higher pre-detennined ratio 
and utilizing this output to drive the rotor 24 of the supercharger. 

Referring now to Fig 1, 2 & 5, a preferred embodiment of the present invention is shown 
with the shifting mechanism - the clutching system in operation. The Fig 5 shows the 
system of the present invention in a higher gear ratio i.e. when the eccentric drive is 
engaged such that the rotational motion from the engine is increased more steeply than 
when the planetary drive which is of lower gear ratio is engaged. The preferred 
embodiment of the present invention includes two clutch systems, one to eng^e/switch 
between the gear drives of higher & lower gear ratios and the other clutch system 
preferably a centrifugal clutch set to engage at a pre determined RPM between the shaft 3 
of eccentric drive and rotor 13 or between the sun gear 11 of planetary drive and rotor 13. 
As shown in the Fig 5 the clutching system consists of an electromagnetic coil 17 which 
is operated by the electrical input. The face plate 17 of the clutch has a surface which is 
made of special coated material so as to offer fiiction to the section 16 of ring gear 1 to 
hold it tight in position for efiRcieht transfer of torque fi-om pulley of clutch to the ring 
gear 1. 

When the coil in the clutch is activated by the electrical current, the siuface of plate 17 
attracts magnetically the section 16 of ring gear 1 which slides along the axial splines at 
area shown as S and the ring gear 1 is driven which in turn drives the sun gear 2 and as 
tiie sun gear shifts circumferentially along the internal diameter of the ring gear the 
eccentric shaft 3 on which fixe sim gear 2 is mounted, rotates with an increased ratio of 
the gear ratio of the drive. The eccentric central shaft 3 is a hollow shaft tfarou^ which 
the output rotor shaft passes and on this shaft the impeller 24 of the supercharger is 
moxmted. As shown in the Fig the shaft 3 engages with rotor 13 with the help of a 
preferably a centrifugal clutch which engages at a pre determined RPM. As the rotor 13 
gets the drive firom sun gear 2, the rotor drives the impeller of supercharger 24. As the 
clutch is a one way clutch, when engaged by the face plate 17 it overruns and is 
disengaged with pulley 20 through a one way mechanism 21 leaving the planetary drive 
disengaged from input. 
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Referring now to Fig 3, 4 & 6 which show the low gear ratio mode when no current is 
supplied to the coil of the clutch and section 16 (Fig 5) of ring gear 1 (Fig 5) is out of 
contact with face plate 17 (Fig 5) and when face plate 17 (Fig 5) is not loaded the one 
way mechanism engages the pulley 20. In this mode, the torque is supplied from pulley 
20 to the ring gear 9 which is in mesh with set of planetary gears 10. The set of planetary 
gears 10 supply torque to the sun gear 11 which when rotates at a pre-determined RPM 
engages with the rotor 13 with help of a clutching mechanism 7 preferably a centrifugal 
type. This rotor 13 is connected with rotor 24 of the supercharger. When the dri\'e in the 
low gear ratio is engaged, the other drive is disengaged. The ratio of the drive is obtained 
by dividing the nvunber of teeth on the ring gear 9 by the number of teeth on the sun gear 
11. 

A default fail-safe feature is incorporated into the system of present invention to prevent 
any damage to the gears, bearings, shafts, seals etc. In case of failure of electrical signals 
to the clutch during operation at high gear ratio mode, the system immediately returns to 
the low gear ratio mode. The other clutching mechanism at two ends of rotor 13 are 
centrifugal type and get engaged only when the sun gears cross the pre-determined RPM 
levels and due to the fact that wheni one gear drive is in engagement, the other is idling at 
any given point of time, the drive to the rotor is from only one input which ensures the 
safety and also higher efficiency of the system by virtue of lower losses of energy. 
The clutch is controlled by an Electronically Controlled Unit (ECU) 26. This ECU gets 
the input signals from the engine management system witit parameters such as engine 
rpm, load, power, intake air pressure, intake air temperature etc. The ECU processes all 
the inputs to determine an optimum point at which an output signal is sent to the clutch of 
the supercharger to provide an adequate boost to the engine over the entire operating 
speeds of the engine. The high gear ratio is preferably activated when the engine RPM is 
in lower range for example below 2500 RPM, but this number could be adjusted 
depending on the engine characteristics and desired results. This allows the high gear 
ratio drive to provide a higher level of RPM to the supercharger when the engine RPM is 
lower. The higher level of supercharger RPM provides adequate boost to the engine. 
Once the engine reaches the predetermined RPM for example 2500 RPM. the ECU 
disengages the clutch from high gear ratio due to which a shifting event occurs which 



7 



wo 2004/094796 



PCT/IN2004/000111 



engages the drive of low gear ratio. As the engine RPM crosses & operates above a 
predetermined level (2500 RPM), due to the engagement of low gear ratio, the ou^ut 
RPM of the supercharger is maintained at the desired level as in high gear ratio mode to 
provide adequate boost to the engine and this shifting event avoids otherwise undesired 
boost from the compressor of the supercharger arising out of higher gear ratio at higher 
engine speeds. Thus the electronically controlled clutching mechanism in tandem with 
multi speed drive allows the method of present invention to deliver variable torque to the 
rotor 24 of the centrifugal supercharger to vary the amount of boost supplied to the 
engine as per the requirements of the engine. 

It should be noted that there could be wide range of changes made to the present 
invention without departir^ from its scope. More sets of eccentric drive or planetary 
drive could be utilized to obtain more than two levels of gear ratios in the system. The 
configuration of number of teeth and the size of the gears may be adjusted depending on 
the engine & the desired boost and other results from supercharging. The clutching 
systems and their positioning can also be of different ^es known in the prior art Thus it 
is intended that the foregoing detailed description be treated as only illustrative rather 
than limiting and that it be undetstood that it is the following claims, including all 
equivalents, which are intended to define the scope of the invention. 
Accordingly, an embodiment of the present invention, wherein a centrifugal engine 
charger for Internal Combustion (IC) Engines driven by a combined gear arrangement for 
multi-speed operation, said centrifugal ^gine charger comprising: 
an electro-m^netic coil disposed in the clutch to receive signal from an electronic 
control unit, a pulley means to receive input torque from the en^e, a one-way clutch 
disposed between said electzo-'4nagnetic coil and pulley to act as a switch in activating 
either said coil or pulley, a metallic face plate disposed adjacent to said coil to receive 
activation from magnetic coil, a ring gear with a pair of sliding engagement members 
connected to each other by means of an axial spline, one of said members comes in 
magnetic contact with the face plate on receiving activation from the coil via face plate 
and the other in rotarj' communication with a ring gear of an eccentric gear drive, an 
eccentric gear drive, said eccentric gear drive further comprising an external circular 
rotating ring gear with a suitable tooth profile on its inner surface, a plurallt>- of shaft 
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members placed at equal distance from each other with one shaft placed'at the central 
axis of said ring gear and the other shafts placed at equal distances, a sun gear is housed 
in the ring gear by way of mounting the same on the shaft members with its teeth profile 
meshed with teeth profile of the ring gear to have a centrifugal rotary motion, said sun 
gear provides a rotary motion to the central shaft, a centrifugal clutch in conditional 
contact with the central shaft on one side and a rotor shaft of the engine on the other side 
subject to a pre-determined rpm, said rotor shaft driving an impeller of the engine 
charger, a planetary gear drive of low gear ratio, said planetary gear activated by the 
pulley in conjunction with the one-way clutch in absence of electrical signal from the 
coil, said planetary gear further comprising, an external circular rotating ring gear with a 
suitable teeth profile on its inner surface, a carrier disposed inside said ring gear, a pair of 
planetary gears mounted on said carrier, a sun gear is meshed in between said planetary 
gears, said planetary gears transmit rotary motion obtained from said ring gear to the sim 
gear, a centrifugal clutch in conditional contact with the sun gear on one side and the 
rotor shaft of the engine on the other side subject to a pre-determined rpm, said rotor 
shaft driving an impeller of the en^e charger. 

An OTibodiment of the present invention, wherein the one-way clutch disengages either 

i 

pulley or the face plate subject to the supply of electrical signals to the magnetic coil. 
Another embodiment of the present invention, wherein the metallic face plate is coated 
with a ceramic material to provide friction to engaging member of the ring gear. 
Yet another embodiment of the present invention, wherein the combination of gear drives 
is selected from a combination of planetary, eccentric, cycloidai, orbiting or other 
conventional gear drives. 

Still another embodiment of tiie present invention, wherein one of flie gear driv^ is an 
eccentric gear drive. 

It is also an embodiment of the present invention, wherein a plurality of combination of 
planetary and eccentric drives is also used to achieve multiple levels of gear ratios. 
Yet another embodiment of the present invention, wherein the shaft members of the 
eccentric gear drive are preferably positioned in the form of an eqmlateral triangle with 
the central shaft on the central axis of the eccentric gear drive. 
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Further embodiment of the present invention, wherein the central shaft is a hollow shaft 
connected to the rotor shaft of the charger through the centriftigal clutch member. 
The present invention also provides a method for optimum power transmission to an 
engine by using charger of claim 1, said method comprising the steps of; receiving input 
torque of engine through a conveyor belt, transmitting electrical signal from Electronic 
Control Unit (ECU) to the magnetic coil, magnetizing the face plate and attracting the 
engaging member to provide axial slide motion, transmitting the axial sliding motion into 
rotary drive to activate the eccentric gear drive to provide a high gear ratio for low engine 
speeds, sensing and comparing the low engine rpm of the engine with the rpm of the 
central shaft of the sun gear to activate the centriftigal clutch, transmitting the low speed 
input torque to the rotor of the engine charger resulting in desired rotor speed, 
terminating the electrical signals to the magnetic coil whenever the rpm is beyond the 
threshold value, activating the pulley member by one-way clutch to provide low gear 
ratio in conjunction with the planetary gear drive for high engine speeds, transmitting tiie 
high speed input torque to the planetary gear drive through the pulley member, sensing 
and comparing the high engine rpm of the engine with the rpm of the sun gear to 
disconnect the central shaft of the eccentric gear from the rotor shaft at high rpm, 
activating the centriftigal clutch to provide higher speed to the engine charger, and 
repeating the steps of activation and deactivation of centriftigal and one-way clutch to 
provide a desired rpm of high and low speed to the engine charger. 
An embodiment of the present invention, a mefliod wherein the threshold rpm is in the 
range of 

Another embodiment of the present invention, a method wherein at a given point of time 
only one gear drive is engaged to provide safety and higher efficiency. 
Yet another embodiment of the present invention, a method wherein switching of low and 
high gear drives is performed depending upon the rpm of the engine to provide optimum 
rpm to the engine. 

Still another embodiment of the present invention, a method wherein a desired output 
rpm is provided on variable input rpm. 
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Advantages 

1 . The engine charger of the present invention provides enhanced torque and power for 
a given size if an IC Engine. 

2. The engine charger of the present invention provides enhanced fiiel efficiency 
without compromising much on the engine power. 

3. The engine charger of the present invention provides better torque and power at all 
the levels of operating cycle of an engine. 

4. The engine charger of the present invention provides an enhanced thermal efficiency 
of an engine system and further substantially reduces the pollution levels of, more 
particularly Particulate Matter (Smoke) and more particularly at acceleration where 
normally the present engines have maximum smoke emission. 

5. The engine charger of the present invention is of light weight and silent performer. 
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